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Introduction 36
During processing of plant or animal raw materials into food, cell-component food matrices can be 37 subjected to liquid flows at cell element level. The understanding and the quantification of this 38 phenomenon represents a major challenge in understanding mechanisms and controlling the products 39 elaboration (Sehy, Banks, Ackerman & Neil, 2002) . With regard to meat matrices, much work has 40 been devoted to the post-mortem evolution of intra-and extracellular spaces in relation to liquid 41 movements in the muscle and with water holding capacity (Offer & Knight, 1988) . Meat juiciness is 42 assumed to be directly related to the progressive intracellular water efflux occurring during the 43 acidification of postmortem muscle, a change in good agreement with the parallel increase in the 44 extracellular space. These movements of intracellular liquid towards the extracellular space are 45 assumed to be due to pH decrease close to the pHi of myofibrillar proteins that induces a release in 46 bound water (Guignot, Vignon & Monin, 1993; Ouali et al., 2006) . During apoptosis, cells swell up with liquid to the point where lysis of their plasmic membrane occurs.
48
It is a genuine cellular explosion which leads to the release of the cytoplasmic content in the 49 surrounding medium. Liquid availability also plays a fundamental role in manufacturing or value-
50
adding processes (such as agglomeration, cooking, drying) of food and non-food plant matrices. This 51 availability is closely linked to the histological structure of the plant walls (Lima et al., 2013) . Plant cell 52 walls are complex structures with central roles in plant form, growth, development and responses to 53 environmental stresses (Sørensen, Domozych, & Willats, 2010) . Composed of polysaccharides,
54
proteins and phenolic compounds, cell walls generally belong to either primary or secondary cell wall 55 categories. Primary cell walls are composed of cellulose, pectins, hemicelluloses, and protein or phenolic compounds. They generate turgor pressure (resisting to tensile forces), accommodate cell M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 3 restricted to specific types of differentiated cells. They are produced after the cessation of cell 59 expansion in certain specialized cells. They tend to be thicker than primary walls, and resist to 60 compressive forces. These two wall types are composed of cellulose and hemicelluloses and are often impregnated with lignin (Cosgrove, 1993) . Pectins are involved in the control of cell wall porosity and 62 are the major adhesive material between cells (Willats, McCartney, Mackie & Knox, 2001 ).
63
Hemicelluloses form strong hydrogen-bonded complexes with cellulose fibers. The most important 64 biological role of hemicelluloses is to strengthen the cell wall.
A recent study conducted on the processing of gari, a powdered food generated from cassava and very 66 widely consumed in west Africa, highlighted the major role played by intracellular liquid mobilized 67 during the manufacturing process on the final product quality (Escobar et al., 2018) . Some of the final 68 quality descriptors of gari (compactness, diameter distribution, or gelatinization rate) are highly 69 dependent on liquid availability during processing. Liquid distribution in the total available volume 70 can be described in two compartments: (i) the liquid volume present between the tissue fragments 71 generated after the preliminary step of rasping of the cassava root, (ii) the liquid volume inside the 72 tissue fragments (in tight intercellular junctions and inside the cells i.e. in the cytoplasm or vacuole).
Depending on this distribution, liquid is more or less available to establish capillary bridges between 74 the tissue fragments during the subsequent steps of the manufacturing process (such as pressing or 75 sieving) thereby modulating agglomeration phenomenon. Similarly, liquid availability might greatly 76 affect the gelatinization process occurring during gari roasting insofar as it is highly dependent on the 77 hydrothermal conditions. The hydrotextural approach developed to track the processing pathway from 78 raw material to end product describes the liquid and air proportions within the solid matrices (Ruiz, 
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In the field of human or animal physiology, measurement of compartment volumes is of major 83 importance. Quantification methods of intracellular or extracellular liquid volumes by using 84 radioactive tracers (tritiated water, deuterium, 18 O) or ionic elements (bromide) are often employed 85 (Fielding et al., 2003; Simpson et al., 2001) . In the field of health, dual-frequency impedance 86 measurement methods have also been used to determine the amount of intracellular or extracellular liquids (Ellis & Wong, 1998; Moreno, 2007) . At low frequencies (1 -5 kHz) the capacitive nature of the cell membranes does not allow the current to penetrate the cell, so impedance is only related to the 
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spaces. Recently, these impedance measuring methods were used in the food sector to detect the 92 lesions sustained by membrane cells of potatoes (Ando, Mizutani & Wakatsuki, 2014) and carrot 93 (Ando et al., 2016) during drying and freezing processes. While these two studies were able to identify 94 the presence of liquid flows via variation in impedance value, to our knowledge no works in the 95 literature have quantified extracellular and intracellular liquid volumes.
96
The objective of this work was to develop an easily-deployable physico-chemical method (low-tech, 97 smart tech), able to quantify the evolution in the proportion of extracellular liquid during processing of 
105
which has been observed during cassava pulp pressing-sieving (Escobar et al., 2018) .
107
Materials and methods 108
Raw Material
109
Cassava roots from Costa-Rica were purchased in a French supermarket for this study and 110 analyzed/processed within the following 24 h. They were first manually peeled and then rasped in a 111 kitchen robot (Thermomix ® , Vorwerk, Germany) for 1 min at speed 6 so as to generate a pulp. After 112 rasping, the water content of the cassava pulps (1.88 ± 0.04 g water / g dry basis) was measured after 113 drying a 5 g sample in an oven at 105 °C for 24 h.
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The poly(4-styrenesulfonate) sodium salt (PSS) is a water soluble polymer with an average molecular 115 weight of 70 kDa. It is a strong polyelectrolyte completely dissociated from pH 3 (Balastre, Persello, generated and maintained under stirring until complete dissolution (approx. 24 h at 25 °C). Successive 
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For all the assays, 7 mL of distilled water were added to each 50 mL polypropylene centriguge tubes in 
219
by introducing different amounts of PSS into the freshly rasped cassava pulp samples (Fig. 3) .
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Increasing the amount of added PSS led to a linear increase in the PSS concentration measured in the 
278
Conclusion 279
The objective of this work was to develop a spectrophotometric based method for determining the 
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showed that the volume of pulp fragments and damaged cells level remains constant during 292 fermentation, whereas the size of the pulp fragments decrease after pressing. One of the prospects of 293 this work would be to extend it to other food matrices (e.g. meat matrices) in order to track the effect of enzyme complexes on salting-out of cell contents that has an impact on meat "juiciness". • Adding PSS to the extracellular liquid did not generate osmotic flows.
• The sorption phenomenon of the polymer on the solid surfaces is significant.
• The extracellular fluid extraction method by centrifugation does not alter PSS concentration.
• This method applied to cassava pulp gave results coherent to that obtained with other methods.
